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The decadal-mean impact of including ocean surface currents in the bulk formulas 27 on surface air-sea fluxes and the ocean general circulation is investigated for the 
53
where $ and $ are air density and temperature at the sea surface, respectively; () is 54 the 10-m wind velocity; is the ocean surface velocity; & , 0 and 4 are stability-55 dependent bulk transfer coefficients for wind stress ( ), sensible heat ( -) and latent 56 heat ( 2 ), respectively; .$ is the specific heat of air; 4 is the latent heat of evaporation;
57
) is the sea surface temperature (SST); $ is the specific humidity; and -is the 
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The paper is organized as follows. Section 2 provides a brief model description and 124 experiment design. Section 3 describes and discusses the effect of accounting for ocean 125 surface currents in the bulk formulas on air-sea momentum and turbulent heat fluxes 126 and its impact on the ocean general circulation, ocean energetics and heat transport.
127
Section 4 concludes with a brief summary of our results. 
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There is some uncertainty in parameters used in the bulk formula, e.g., the drag Figs. 1a and 1b in terms of both magnitude and spatial pattern demonstrates that the 181 difference in the mean wind stress between CONTROL and NONE is due primarily to current regions associated with differences in the horizontal gyre circulations.
227
The results above demonstrate that, on decadal time scale, the indirect effect of 34.1% reduction in P, • and ′ • ′ respectively from NONE (see Table 1 ). Figure   261 5a shows that the reduction in P is most significant in the Southern Ocean, the tropics,
and mid and high northern latitudes.
263
Given that including ocean surface currents in the stress calculation only leads to a 264 slight weakening of the surface wind stress (Fig. 1) 
273
It is instructive to separate wind power input that goes into surface geostrophic 274 motions ( T = • ) from that goes into surface ageostrophic motions ( $ = • ).
275
Including ocean surface currents in the bulk formulas reduces the globally-integrated 276 P g and P a by about 0.13 TW (15%) and 0.73 TW (29%), respectively. Most of the small-277 scale structures seen in Fig. 5a are due to differences in P g between CONTROL and 278 NONE (Fig. 5c ), while P a shows a much more spatially uniform reduction (Fig. 5b) .
279
The significant reduction in P a is likely to lead to reduced vertical mixing in the upper 280 ocean, since the majority of P a is dissipated within the upper few tens of meters,
281
contributing to the deepening of the surface mixed layer and cooling of the SST (e.g. power input between CONTROL and NONE is due to the relative wind stress effect 301 (see Table 1 ). (Fig. 8d) .
326
Including ocean surface currents in the bulk formulas also leads to a reduction in 327 the surface mean kinetic energy (MKE) over most of the ocean, most noticeably in the tropics and, to a lesser extent, in the western boundary current regions (Fig. 7d) in NONE to 0.7 EJ in CONTROL, with nearly half of the decrease being in the tropics.
331
In contrast to the deep-reaching structure of EKE reduction, the reduction of MKE is 332 confined much closer to the surface, i.e., within the top 150 m (Figs. 8e-g ), although 333 the percentage decrease remains roughly 10% below the upper 500 m (Fig. 8h) . It is 334 worth pointing out that differences in surface MKE shown in Fig. 7d are also found in the South Atlantic and the Pacific (see Table 2 ). The associated 
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On the other hand, the Antarctic Circumpolar Current (ACC) transport at Drake
363
Passage in CONTROL remains very similar to those in NONE and HEAT (see Table 2 364 and Fig. 8f) We now analyze the effect of including ocean surface currents in the bulk formulas 378 on the mixed layer depth (MLD) and the intensity of deep convection at high latitudes.
379
The MLD in the ECCO2 state estimate is defined as the depth at which the density 380 differs from that at the ocean surface by an amount that is equivalent to a temperature subpolar North Atlantic than in NONE (Fig. 9) . We argue that this reduced . Figure 11 shows that including ocean surface currents in 411 the bulk formulas leads to a coherent reduction in the strength of AMOC at all latitudes.
412
The maximum strength of the AMOC decreases by about 12.6% from 20.6 Sv in NONE the AMOC dominating the northward heat transport in the Atlantic Ocean (Fig. 12) .
428
When ocean surface currents are included in the bulk formulas, the magnitude of colder SST in the northern North Atlantic in CONTROL (Fig. 3) , which, in turn, reduces 435 the surface heat loss there (Fig. 2) . In the Pacific Ocean, the maximum northward heat 436 transport decreases by about 15.5% from 0.58 PW in NONE to 0.49 PW in CONTROL.
437
Globally, including ocean surface currents in the bulk formulas reduces the maximum 
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• Including ocean surface currents in the bulk formulas reduces wind power input to 
